Structural and thermodynamical characterization of the complete p21 gene product of Max.
The b-HLH-LZ family of transcription factors contains numerous proteins including the Myc and Mad families of proteins. Max heterodimerizes with other members to bind the E-Box DNA sequence in target gene promoters. Max is the only protein in this network that recognizes and binds E-Box DNA sequences as a homodimer in vitro and represses transcription of Myc target genes in vivo. Key information such as the structure of p21 Max, the complete gene product, and its KD in the absence of DNA are still unknown. Here, we report the characterization of the secondary and quaternary structures, the dimerization and DNA binding of p21 Max and a thermodynamically stable mutant. The helical content of p21 Max indicates that its N-terminal and C-terminal regions are unstructured in the absence of DNA. NMR experiments further support the location of folded and unfolded domains. We also show that p21 Max has an apparent KD (37 degrees C) of 7 x 10(-6), a value 10-100 times smaller than the b-HLH-LZ itself. We demonstrate that electrostatic repulsions are responsible for the higher KD of the b-HLH-LZ. Finally, we show that a p21 Max double mutant forms a very stable dimer with a KD (37 degrees C) of 3 x 10(-10) and that the protein/DNA complex depicts a higher temperature of denaturation than p21 Max/DNA complex. Our results indicate that Max could homodimerize, bind DNA, and repress transcription in vivo and that its mutant could be more efficient at repressing the expression of c-Myc target genes.